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1
METHOD AND APPARATUS FOR FEEDING
BACK CHANNEL STATE INFORMATION

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of International Appli-
cation No. PCT/CN2012/086835, filed on Dec. 18, 2012,
which claims priority to Chinese Patent Application No.
201110439303 X, filed on Dec. 23, 2011, both of which are
hereby incorporated by reference in their entireties.

TECHNICAL FIELD

The present application relates to the field of communi-
cation network technologies, and in particular, to a method
and an apparatus for feeding back channel state information.

BACKGROUND

An MIMO (Multiple Input Multiple Output, multiple
input multiple output) technology is one of the most impor-
tant technologies for improving spectral efficiency of a
wireless system. In an MIMO system, generally, a good
transmission effect can be achieved only when a transmitter
learns a channel, while in an FDD (Frequency Division
Duplexing, frequency division duplexing) system, generally,
a receiver feeds back channel state information to a trans-
mitter. Therefore, which method is adopted to feed back the
channel state information is a hotspot in a standard design.

In the prior art, when the channel state information is fed
back, first a channel eigenvector is quantified by performing
weighted combination on multiple DFT (Discrete Fourier
Transform, discrete Fourier transform) codebooks, and then
a first-level code word is fed back in a relatively long period,
where the first-level code word includes a channel statistical
central angle, an offset value relative to the central angle,
and the number of DFT vectors contained in the first-level
code word. In a ULA (Uniform Linear Array, uniform linear
array) placed horizontally, a DFT code word is generally
determined by a horizontal pointing angle, and horizontal
pointing angles corresponding to multiple DFT code words
are continuous, so the number of the code words and an
offset value of each code word may be used to represent the
DFT vector. Then a second-level code word is fed back in a
relatively short period, and the code word may be selected
from a GLP (Grassmannian Linear Packing) or RVQ (Ran-
dom Vector Quantization) codebook.

However, when the prior art is adopted to feed back the
channel state information, the DFT code word of the ULA
only relates to a horizontal dimension and only a single-
layer code word technology is adopted; when an antenna
array is multi-dimensional and a code word vector has
multiple dimensions, the prior art is inapplicable.

SUMMARY

Embodiments of the present application provide a method
and an apparatus for feeding back channel state information,
which can feed back channel state information in multi-layer
data transmission based on a synthetic codebook in a multi-
dimensional antenna array and reduce the number of feed-
back bits.

In order to achieve the objective, the embodiments of the
present application adopt the following technical solutions:

A method for feeding back channel state information
includes:

determining a second orthogonal basis vector group and a
group number of the second orthogonal basis vector group
according to a pre-defined first basis vector group, where
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2

each basis vector of the first basis vector group is a Kro-
necker product of basis vectors corresponding to at least two
directions of a horizontal direction, a vertical direction, and
a polarization direction;

determining a third orthogonal basis vector group corre-
sponding to each data layer according to the second orthogo-
nal basis vector group, where in the third orthogonal basis
vector groups corresponding to the data layers, the number
of vectors in at least one of the third orthogonal basis vector
groups is greater than 1;

calculating a second-level code word of each data layer
separately according to the third orthogonal basis vector
group corresponding to the each data layer; and

sending the group number of the second orthogonal basis
vector group, the third orthogonal basis vector group cor-
responding to the each data layer, and the second-level code
word corresponding to the each data layer to a base station,
so that the base station may synthesize a multi-layer code
word.

An apparatus for feeding back channel state information
includes:

a second orthogonal basis vector group determination
unit, configured to determine a second orthogonal basis
vector group and a group number of the second orthogonal
basis vector group according to a pre-defined first basis
vector group, where each basis vector of the first basis vector
group is a Kronecker product of basis vectors corresponding
to at least two directions of a horizontal direction, a vertical
direction, and a polarization direction;

a third orthogonal basis vector group determination unit,
configured to determine a third orthogonal basis vector
group corresponding to each data layer according to the
second orthogonal basis vector group, where in the third
orthogonal basis vector groups corresponding to the data
layers, the number of vectors in at least one of the third
orthogonal basis vector groups is greater than 1;

a calculation unit, configured to calculate a second-level
code word of each data layer separately according to the
third orthogonal basis vector group corresponding to the
each data layer; and

a sending unit, configured to send the group number of the
second orthogonal basis vector group, the third orthogonal
basis vector group corresponding to the each data layer, and
the second-level code word corresponding to the each data
layer to a base station, so that the base station may synthe-
size a multi-layer code word.

According to the method and the apparatus for feeding
back channel state information provided in the embodiments
of the present application, a second orthogonal basis vector
group and a group number of the second orthogonal basis
vector group are determined according to a pre-defined first
basis vector group, a third orthogonal basis vector group
corresponding to each data layer is determined according to
the second orthogonal basis vector group, then a second-
level code word of each data layer is calculated separately,
and the group number of the second orthogonal basis vector
group, the third orthogonal basis vector group corresponding
to the each data layer, and the second-level code word
corresponding to the each data layer are sent to a base
station, so that the base station may synthesize a multi-layer
code word. Compared with that when the prior art is adopted
to feed back the channel state information, the DFT code
word of the ULA only relates to a horizontal dimension and
only a single-layer code word technology is adopted; when
an antenna array is multi-dimensional and a code word
vector has multiple dimensions, the prior art is inapplicable,
in the solutions provided in the embodiments of the present
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application, the channel state information may be fed back
in multi-layer data transmission based on a synthetic code-
book in a multi-dimensional antenna array and the number
of feedback bits may be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

To illustrate the technical solutions according to the
embodiments of the present application or in the prior art
more clearly, the following briefly introduces the accompa-
nying drawings required for describing the embodiments or
the prior art. Apparently, the accompanying drawings in the
following description are only some embodiments of the
present application, and persons of ordinary skill in the art
can derive other drawings from the accompanying drawings
without creative efforts.

FIG. 1 is a flow chart of a method for feeding back
channel state information according to Embodiment 1 of the
present application;

FIG. 2 is a block diagram of an apparatus for feeding back
channel state information according to Embodiment 1 of the
present application;

FIG. 3 is a flow chart of a method for feeding back
channel state information according to Embodiment 2 of the
present application;

FIG. 4 is a schematic diagram of multiple types of
multi-dimensional antenna arrays according to Embodiment
2 of the present application;

FIG. 5 is a block diagram of an apparatus for feeding back
channel state information according to Embodiment 2 of the
present application; and

FIG. 6 is a block diagram of a second orthogonal basis
vector group determination unit according to Embodiment 2
of the present application.

DETAILED DESCRIPTION

The technical solutions of the present application will be
clearly described in the following with reference to the
accompanying drawings. It is obvious that the embodiments
to be described are only a part rather than all of the
embodiments of the present application. All other embodi-
ments obtained by persons of ordinary skill in the art based
on the embodiments of the present application without
creative efforts shall fall within the protection scope of the
present application.

Embodiment 1

The embodiment of the present application provides a
method for feeding back channel state information. As
shown in FIG. 1, the method includes:

Step 101: Determine a second orthogonal basis vector
group and a group number of the second orthogonal basis
vector group according to a pre-defined first basis vector
group, where each basis vector of the first basis vector group
is a Kronecker product of basis vectors corresponding to at
least two directions of a horizontal direction, a vertical
direction, and a polarization direction.

Step 102: Determine a third orthogonal basis vector group
corresponding to each data layer according to the second
orthogonal basis vector group, where in the third orthogonal
basis vector groups corresponding to the data layers, the
number of vectors in at least one of the third orthogonal
basis vector groups is greater than 1.
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Specifically, the number K(i) of the basis vectors of the
third orthogonal basis vector group corresponding to the i
data layer is determined.

According to each code word in the second orthogonal
basis vector group, a correlation coefficient between the each
code word and a channel eigenvector of the i data layer is
calculated, and the correlation coefficients are sorted in
descending order.

According to the K(i), the code word corresponding to the
former K(i) correlation coefficients sorted in descending
order is determined as the third orthogonal basis vector
group corresponding to the i data layer.

According to the method for determining the third
orthogonal basis vector group, the third orthogonal basis
vector group corresponding to the each data layer is deter-
mined.

The third orthogonal basis vector groups corresponding to
the data layers are orthogonal to each other and an intersec-
tion set between the third orthogonal basis vector groups is
null.

Step 103: Calculate a second-level code word of each data
layer separately according to the third orthogonal basis
vector group corresponding to the each data layer.

Specifically, according to the third orthogonal basis vector
group corresponding to the i” data layer, the second-level
code word corresponding to the i” data layer is calculated,
namely, according to v, (1)=G(i)x(i), the second-level code
word x(i) corresponding to the i data layer is calculated,
where v (i) is a channel eigenvector of the i data layer and
G(1) is a matrix formed by all vectors in the third orthogonal
basis vector group corresponding to the i data layer.

According to the method for calculating the second-level
code word, the second-level code word corresponding to
each data layer is calculated.

Step 104: Send the group number of the second orthogo-
nal basis vector group, the third orthogonal basis vector
group corresponding to the each data layer, and the second-
level code word in the each data layer to a base station, so
that the base station may synthesize a multi-layer code word.

Specifically, a first feedback message is sent to the base
station, where the first feedback message includes the group
number of the second orthogonal basis vector group and the
third orthogonal basis vector group corresponding to the
each data layer.

A second feedback message is sent to the base station,
where the second feedback message includes the second-
level code word in the each data layer.

Alternatively, the first feedback message and the second
feedback message are sent to the base station separately in
a manner of performing transmission at least once; or the
first feedback message and the second feedback message are
sent to the base station at the same time.

According to the method for feeding back channel state
information provided in the embodiment of the present
application, a second orthogonal basis vector group and a
group number of the second orthogonal basis vector group
are determined according to a pre-defined first basis vector
group, a third orthogonal basis vector group corresponding
to each data layer is determined according to the second
orthogonal basis vector group, then a second-level code
word of each data layer is calculated separately, and the
group number of the second orthogonal basis vector group,
the third orthogonal basis vector group corresponding to the
each data layer, and the second-level code word correspond-
ing to the each data layer are sent to a base station, so that
the base station may synthesize a multi-layer code word.
Compared with that when the prior art is adopted to feed
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back the channel state information, the DFT code word of
the ULA only relates to a horizontal dimension and only a
single-layer code word technology is adopted; when an
antenna array is multi-dimensional and a code word vector
has multiple dimensions, the prior art is inapplicable, in the
solutions provided in the embodiment of the present appli-
cation, the channel state information may be fed back in
multi-layer data transmission based on a synthetic codebook
in a multi-dimensional antenna array and the number of
feedback bits may be reduced.

The embodiment of the present application provides an
apparatus for feeding back channel state information. As
shown in FIG. 2, the apparatus includes: a second orthogo-
nal basis vector group determination unit 201, a third
orthogonal basis vector group determination unit 202, a
calculation unit 203, and a sending unit 204.

The second orthogonal basis vector group determination
unit 201 is configured to determine a second orthogonal
basis vector group and a group number of the second
orthogonal basis vector group according to a pre-defined
first basis vector group, where each basis vector of the first
basis vector group is a Kronecker product of basis vectors
corresponding to at least two directions of a horizontal
direction, a vertical direction, and a polarization direction.

The third orthogonal basis vector group determination
unit 202 is configured to determine a third orthogonal basis
vector group corresponding to each data layer according to
the second orthogonal basis vector group, where in the third
orthogonal basis vector groups corresponding to the data
layers, the number of vectors in at least one of the third
orthogonal basis vector groups is greater than 1.

The calculation unit 203 is configured to separately cal-
culate a second-level code word in the each data layer
according to the third orthogonal basis vector group corre-
sponding to the each data layer.

The sending unit 204 is configured to send the group
number of the second orthogonal basis vector group, the
third orthogonal basis vector group corresponding to the
each data layer, and the second-level code word correspond-
ing to the each data layer to a base station, so that the base
station may synthesize a multi-layer code word.

According to the apparatus for feeding back channel state
information provided in the embodiment of the present
application, the second orthogonal basis vector group deter-
mination unit determines a second orthogonal basis vector
group and a group number of the second orthogonal basis
vector group according to a pre-defined first basis vector
group, the third orthogonal basis vector group determination
unit determines a third orthogonal basis vector group cor-
responding to each data layer according to the second
orthogonal basis vector group, then the calculation unit
separately calculates a second-level code word in the each
data layer, and the sending unit sends the group number of
the second orthogonal basis vector group, the third orthogo-
nal basis vector group corresponding to the each data layer,
and the second-level code word corresponding to the each
data layer to a base station, so that the base station may
synthesize a multi-layer code word. Compared with that
when the prior art is adopted to feed back the channel state
information, the DFT code word of the ULA only relates to
a horizontal dimension and only a single-layer code word
technology is adopted; when an antenna array is multi-
dimensional and a code word vector has multiple dimen-
sions, the prior art is inapplicable, in the solutions provided
in the embodiment of the present application, the channel
state information may be fed back in multi-layer data
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transmission based on a synthetic codebook in a multi-
dimensional antenna array and the number of feedback bits
may be reduced.

Embodiment 2

The embodiment of the present application provides a
method for feeding back channel state information. As
shown in FIG. 3, the method includes:

Step 301: Determine a second orthogonal basis vector
group and a group number of the second orthogonal basis
vector group according to a pre-defined first basis vector
group, where each basis vector of the first basis vector group
is a Kronecker product of basis vectors corresponding to at
least two directions of a horizontal direction, a vertical
direction, and a polarization direction.

The pre-defined first basis vector group is C,={f},
f,, . .., fz}, where B is the total number of wave beams,
B=B,xB,xB,, B2Nand N is the number of antennas in an
antenna array. A basis vector of the first basis vector group
is constructed by an azimuth component (azimuth), a polar
component (polar), and an elevation component (elevation)
by means of the Kronecker product: f=¢ (i,)® €,(i,)® e.(,)
and e.(i,)=[1, @), GO =1 " B.,
where ¢.(i.)=2n(i.—1)/B.+¢, and ¢,€[0,2n] is any initial
phase. Additionally, sequences of Kronecker products of
components forming the basis vector are not fixed and are
interchangeable.

It should be noted that, as shown in FIG. 4, which is
schematic diagrams of multiple types of multi-dimensional
antenna arrays, the multi-dimension includes a vertical
direction dimension, a horizontal direction dimension, and a
polarization direction dimension, where the definition of the
dimension relates to a reference direction. The antenna in
FIG. 4 (a) is in three dimensions of the vertical direction, the
horizontal direction, and the polarization direction; the
antenna in FIG. 4 (b) is in two dimensions of the vertical
direction and the horizontal direction; the antenna in FIG. 4
(¢) is in two dimensions of the horizontal direction and the
polarization direction; and the antenna in FIG. 4 (d) is in two
dimensions of the vertical direction and the polarization
direction. The antenna herein may be a physical antenna or
may be an equivalent port formed by multiple physical
antennas.

Specifically, two manners for determining the second
orthogonal basis vector group and the group number of the
second orthogonal basis vector group are in the following.

Manner 1:

@ Group the pre-defined first basis vector group and
obtain at least one orthogonal basis vector group.

According to the pre-defined first basis vector group C1,
S=B/N basis vector groups that are orthogonal to each other
may be divided, and each basis vector of the first basis vector
group is a Kronecker product of basis vectors corresponding
to at least two directions of the horizontal direction, the
vertical direction, and the polarization direction.

Specifically, according to the pre-defined first basis vector
group, an orthogonal basis vector group in at least two
directions of the horizontal direction, the vertical direction,
and the polarization direction is determined separately.

For example, Na antennas are in the horizontal direction
and Ba wave beams are pre-defined in the horizontal direc-
tion. Generally, Ba is a multiple of Na. Therefore, Sa=Ba/Na
groups of orthogonal basis vectors may be divided in the
horizontal direction. Taking e,(i,) as an example, {e,(ii)
lii=mod(i,+k*S,,B,), k=0, . . . , N -1} forms a group of
orthogonal basis vectors. Therefore, the following table
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describes orthogonal basis vector groups in the horizontal
direction, the vertical direction, and the polarization direc-
tion.

Dimension Basis vector group in each dimension

Horizontal Totally Sa groups of basis vectors,

direction {e, (i) | ii = mod(i, +k * S,, B,), k=0,...,N, -1},
and i, may be any continuous Sa integers.
For example, i, =1,2,...,S,.

Vertical Totally Se groups of basis vectors,

direction {e, (i) | ii =mod(i, + k *S_, B,), k=0,...,N, -1},
and i, may be any continuous Se integers.
For example, i, =1,2,...,S..

Polarization Totally Sp groups of basis vectors,

direction {e, (ii) | ii = mod(i,, +k * S, B,), k=0, ..., N, -1},

and i, may be any continuous Sp integers.

For example, i, = 1,2, ..., S,.

For a basis vector group in the above each direction, a
group is selected randomly from the orthogonal basis vector
groups in at least two directions of the horizontal direction,
the vertical direction, and the polarization direction sepa-
rately to form an orthogonal basis vector group and obtain
at least one orthogonal basis vector group. It should be noted
that, a multi-dimensional orthogonal basis vector group may
be marked by S, where the S is a positive integer. Addition-
ally, a multi-dimensional number group {S1, S2, S3} may
also be corresponding to a certain basis vector group exclu-
sively in a pre-defined manner, where S1, S2, and S3 are
separately corresponding to different dimensions, and the
sequence of each dimension is not fixed and may be com-
bined randomly.

Traverse each code word in any one of the orthogonal
basis vector group and separately calculate a correlation
coefficient between the each code word and a channel
eigenvector to be quantified in each data layer.

For example, a group is selected randomly from the above
basis vector groups as C2, and based on multi-layer trans-
mission, such as [ data layers, a correlation coefficient
between each code word in the C2 and a eigenvector to be
quantified in the i” data layer needs to be calculated, where
iis any layer of the L. data layers. Specifically, the correlation
coeflicient is calculated according to p=Iv 7|, where v, is
the channel eigenvector and f; is a code word in the basis
vector group.

@ Determine a maximum correlation coefficient in the
correlation coefficients of the channel eigenvector of the
each data layer according to the calculated correlation
coeflicients.

The maximum correlation coefficient in the correlation
coeflicients in the i” data layer is determined. Additionally,
a code word corresponding to the maximum correlation
coefficient needs to be further determined.

Calculate the sum of the maximum correlation coef-
ficients and obtain a first correlation coefficient sum.

According to the above method, the maximum correlation
coeflicient in each data layer of the L. data layers is deter-
mined, and the sum of the maximum correlation coefficients
in the data layers is calculated, namely, the sum of the
maximum correlation coefficients in the data layers in the C2
is determined.

According to the method for calculating the sum of the
maximum correlation coefficients, determine the sum of the
maximum correlation coeflicients in all groups and obtain
first correlation coefficient sums in all the groups.

According to the first correlation coefficient sums in
all the groups, determine a group where a maximum first
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8

correlation coefficient sum is located as the second orthogo-
nal basis vector group, and determine the group number of
the second orthogonal basis vector group, namely, C2(s).

Manner 2:

@ Group the pre-defined first basis vector group and
obtain at least one orthogonal basis vector group.

The method of step @ is the same as the method of step
@ in Manner 1. For details, reference is made to step @ in
Manner 1.

@ Traverse each code word in any one of the orthogonal
basis vector group, calculate a correlation coeflicient
between the each code word and the channel eigenvector to
be quantified in the i” data layer separately, and sort the
calculated correlation coefficients of the channel eigenvector
of the i” data layer in descending order, where i is a positive
integer and the i” data layer is any one of data layers in a
transmission channel.

@ According to the number of preset code words,
calculate the sum of the former K(i) correlation coefficients
of the correlation coeflicients sorted in descending order,
where K(i) is the number of the preset code words.

@ According to the method for calculating the sum of the
correlation coeflicients, calculate a correlation coefficient
between the each code word and the channel eigenvector to
be quantified in each data layer separately, and calculate the
sum of correlation coefficients of the number corresponding
to the number of the preset code words after the correlation
coeflicients are sorted in descending order.

According to the above method, similarly, for the channel
eigenvector to be quantified in the (i+1)” data layer, after the
correlation coefficient between each code word in the C2 and
the channel eigenvector is calculated, the correlation coef-
ficients are sorted in descending order, and the sum of
K(i+1) correlation coefficients is calculated.

@ Calculate sums of the correlation coefficients of the
channel eigenvectors to be quantified in all data layers and
obtain a second correlation coefficient sum.

All the sums of the correlation coefficients in the L. data
layers are added to obtain the second correlation coeflicient
sum in the C2.

@ According to the second correlation coeflicient sums
in all groups, determine a group where a maximum second
correlation coefficient sum is located as the second orthogo-
nal basis vector group, and determine the group number of
the second orthogonal basis vector group, namely, C2(s).

Step 302: Determine a third orthogonal basis vector group
corresponding to each data layer according to the second
orthogonal basis vector group, where in the third orthogonal
basis vector groups corresponding to the data layers, the
number of vectors in at least one of the third orthogonal
basis vector groups is greater than 1.

According to the determined second orthogonal basis
vector group C2(s), for the i data layer, the third orthogonal
basis vector group C,(i) = C,(s) corresponding to the i data
layer needs to be selected. Specifically, the determining the
third orthogonal basis vector group corresponding to the
each data layer includes the following sub-steps.

@ Determine the number K(i) of basis vectors of a third
orthogonal basis vector group corresponding to the i data
layer.

Specifically, it may be obtained through an indication of
a base station or may be obtained through a selection
algorithm at a UE end.

According to each code word in the second orthogonal
basis vector group, calculate a correlation coeflicient
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between the each code word and the channel eigenvector of
the i data layer and sort the correlation coefficients in
descending order.

@ According to the K(i), determine the code word
corresponding to the former K(i) correlation coefficients
sorted in descending order as the third orthogonal basis
vector group corresponding to the i data layer.

It should be noted that, each code word in the C2 has a
serial number specifically ranging from 1 to L, where L is
the number of the data layers. The code word in the third
orthogonal basis vector group may be numbered according
to the serial number of the code word in the C2. Here, K(i)
serial numbers may be obtained and the range of the serial
numbers is from 1 to the number of code word vectors in the
C2.

@ According to the method for determining the third
orthogonal basis vector group, determine the third orthogo-
nal basis vector group corresponding to the each data layer.

When the third orthogonal basis vector group is deter-
mined, the vectors in the third orthogonal basis vector group
corresponding to the each data layer may or may not include
repetitive vectors. Preferentially, it may be selected that the
vectors in the third orthogonal basis vector group corre-
sponding to the each data layer does not include repetitive
vectors, so that a feedback quantity of the channel state
information fed back to the base station is large and feed-
back performance is good.

When the number of vectors in the third orthogonal basis
vector group corresponding to the each data layer is equal to
1, a second-level code word no longer needs to be calcu-
lated, and the group number of the second orthogonal basis
vector group and the third orthogonal basis vector group
corresponding to the each data layer may be directly fed
back to the base station. When in the third orthogonal basis
vector group corresponding to the each data layer, the
number of vectors in at least one group is greater than 1, the
second-level code word corresponding to the each data layer
needs to be calculated. When the channel state information
is fed back to the base station, the group number of the
second orthogonal basis vector group, the third orthogonal
basis vector group corresponding to the each data layer, and
the second-level code word corresponding to the each data
layer need to be sent to the base station. In the embodiment
of the present application, that the number of vectors in the
third orthogonal basis vector group corresponding to the
each data layer is greater than 1 is illustrated in detail.

It should be noted that, the third orthogonal basis vector
group corresponding to the each data layer is a subset of the
second orthogonal basis vector group, and the intersection
set between the third orthogonal basis vector groups in the
each data layers is null and the third orthogonal basis vector
groups are orthogonal to each other, so the number of
feedback bits can be greatly reduced.

Step 303: Calculate a second-level code word correspond-
ing to the i data layer according to the third orthogonal
basis vector group corresponding to the i” data layer.

Specifically, the finally determined third orthogonal basis
vector group C3(i) in the i data layer is recorded as:
Cy()={by, by, . . ., bgy}, where b, is a code word vector
selected from the C2(s). All vectors in the C3(i) form a
matrix: G(D)=[b,, . . ., by . . ., bgyl, beCi(H)=Cs.
According to v,(1)=G(1)x(1), the second-level code word x(i)
corresponding to the i data layer is calculated, where v (i)
is a channel eigenvector of the i data layer, G(i) is a matrix
formed by all vectors in the third orthogonal basis vector
group corresponding to the i data layer; and x(\)=(G({)*G
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() 'G()?v,(i) is obtained. The currently selected basis
vectors are orthogonal to each other, so x(1)=G(i)?v (i).

Step 304: Calculate a second-level code word of each data
layer separately according to the third orthogonal basis
vector group corresponding to the each data layer.

It should be noted that, basis vectors in the second
orthogonal basis vector group are orthogonal to each other,
and the intersection set between the third orthogonal basis
vector groups in the data layers is null, so multi-layer code
words synthesized at a base station side are orthogonal to
each other. In this way, the number of feedback bits may be
reduced and a gain brought by a synthetic codebook may be
more significant.

Step 305: Send the group number of the second orthogo-
nal basis vector group, the third orthogonal basis vector
group corresponding to the each data layer, and the second-
level code word corresponding to the each data layer to a
base station, so that the base station may synthesize a
multi-layer code word.

It should be noted that, when the third orthogonal basis
vector group corresponding to the each data layer is sent to
the base station, the following two situations are included. In
the first situation, if the base station specifies the number of
vectors in the third orthogonal basis vector group, only the
serial number of each vector in the C2 needs to be fed back;
in the second situation, if a terminal decides the number of
vectors in each third orthogonal basis vector group, the
number of vectors in each third orthogonal basis vector

group and the corresponding serial number of vectors in the
C2 need to be fed back.

When the second-level code word corresponding to the
each data layer is sent to the base station, vectors in the third
orthogonal basis vector group are orthogonal, so [K(i)-1]
X(i)s may only be fed back.

Specifically, a first feedback message is sent to the base
station, where the first feedback message includes the group
number of the second orthogonal basis vector group and the
third orthogonal basis vector group corresponding to the
each data layer; and a second feedback message is sent to the
base station, where the second feedback message includes
the second-level code word in the each data layer.

It should be noted that, because of different generating
manners and different feedback periods of a second orthogo-
nal basis vector, a third orthogonal basis vector, and the
second-level code word, the first feedback message and the
second feedback message are separately sent to the base
station. Specifically, the first feedback message is sent to the
base station in a manner of performing sending at least once,
and the second feedback message is sent to the base station
in a manner of performing sending at least once.

Alternatively, the first feedback message and the second
feedback message are sent to the base station at the same
time and the first feedback message and the second feedback
message are packaged. The packaged first feedback message
and second feedback message are sent to the base station in
a manner of performing sending at least once.

It can be seen that, both the matrix formed by the third
orthogonal basis vector group required to be fed back and
the second-level code word relate to the number of the basis
vectors in the third orthogonal basis vector group, and do not
directly relate to the number of antennas. Therefore, the
magnitude of the feedback quantity may be better decided
according to an actual channel characteristic.
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It should be noted that, the base station obtains G=[G
[1]...G[i]...G[L]] and

A1 0 0 0 0
0 .. 0 0 0
x=|0 0 il 0 0
0 0 0 0
0 0 0 0 I

according to the first feedback message and the second
feedback message and obtains a quantified channel eigen-
vector matrix: W=GX, where G is a matrix formed by the
third orthogonal basis vector group corresponding to the
each data layer, and x is the second-level code word corre-
sponding to the each data layer.

According to the method for feeding back channel state
information provided in the embodiment of the present
application, a second orthogonal basis vector group and a
group number of the second orthogonal basis vector group
are determined according to a pre-defined first basis vector
group, a third orthogonal basis vector group corresponding
to each data layer is determined according to the second
orthogonal basis vector group, then a second-level code
word in each data layer is calculated separately, and the
group number of the second orthogonal basis vector group,
the third orthogonal basis vector group corresponding to the
each data layer, and the second-level code word correspond-
ing to the each data layer are sent to a base station, so that
the base station may synthesize a multi-layer code word.
Compared with that when the prior art is adopted to feed
back the channel state information, the DFT code word of
the ULA only relates to a horizontal dimension and only a
single-layer code word technology is adopted; when an
antenna array is multi-dimensional and a code word vector
has multiple dimensions, the prior art is inapplicable, in the
solutions provided in the embodiments of the present appli-
cation, the channel state information may be fed back in
multi-layer data transmission based on a synthetic codebook
in a multi-dimensional antenna array, and the number of
feedback bits may be reduced so as to improve a gain
brought by the synthetic codebook.

The embodiment of the present application provides an
apparatus for feeding back channel state information. As
shown in FIG. 5, the apparatus includes: a second orthogo-
nal basis vector group determination unit 501, a third
orthogonal basis vector group determination unit 502, a
basis vector number determination module 5021, a calcula-
tion module 5022, a third orthogonal basis vector group
determination module 5023, a calculation unit 503, and a
sending unit 504.

The second orthogonal basis vector group determination
unit 501 is configured to determine a second orthogonal
basis vector group and a group number of the second
orthogonal basis vector group according to a pre-defined
first basis vector group, where each basis vector of the first
basis vector group is a Kronecker product of basis vectors
corresponding to at least two directions of a horizontal
direction, a vertical direction, and a polarization direction;

Specifically, as shown in FIG. 6, the second orthogonal
basis vector group determination unit 501 includes a group-
ing and obtaining module 5011, a correlation coeflicient
calculation module 5012, a first determination module 5013,
an obtaining module 5014, a second determination module
5015, a calculation module 5016, a determination submod-
ule 50111, and an obtaining submodule 50112.
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The second orthogonal basis vector group determination
unit 501 determines the second orthogonal basis vector
group and the group number of the second orthogonal basis
vector group in the following two manners.

Manner 1:

The grouping and obtaining module 5011 in the second
orthogonal basis vector group determination unit 501 is
configured to group the pre-defined first basis vector group
and obtain at least one orthogonal basis vector group.

The correlation coefficient calculation module 5012 in the
second orthogonal basis vector group determination unit 501
is configured to traverse each code word in any one of the
orthogonal basis vector group, and calculate a correlation
coefficient between the each code word and a channel
eigenvector to be quantified in each data layer separately.

According to the calculated correlation coefficients, the
first determination module 5013 in the second orthogonal
basis vector group determination unit 501 determines a
maximum correlation coefficient in the correlation coeffi-
cients of the channel eigenvector of the each data layer.

The obtaining module 5014 in the second orthogonal
basis vector group determination unit 501 is configured to
calculate the sum of the maximum correlation coefficients
and obtain a first correlation coefficient sum; and

determine the sum of the maximum correlation coefli-
cients in all groups and obtain first correlation coeflicient
sums in all the groups according to the method for calcu-
lating the sum of the maximum correlation coefficients.

According to the first correlation coefficient sums in all
the groups, the second determination module 5015 in the
second orthogonal basis vector group determination unit 501
determines a group where a maximum first correlation
coeflicient sum is located as the second orthogonal basis
vector group and determines the group number of the second
orthogonal basis vector group.

Manner 2:

The grouping and obtaining module 5011 is configured to
group the pre-defined first basis vector group and obtain at
least one orthogonal basis vector group.

The correlation coefficient calculation module 5012 is
further configured to traverse each code word in any one of
the orthogonal basis vector group, calculate a correlation
coefficient between the each code word and the channel
eigenvector to be quantified in the i data layer separately,
and sort the calculated correlation coefficients of the channel
eigenvector of the i data layer in descending order, where
iis a positive integer and the i data layer is any one of data
layers in a transmission channel.

The calculation module 5016 in the second orthogonal
basis vector group determination unit 501 is configured to
calculate, according to the number of preset code words, the
sum of the former K(i) correlation coefficients of the cor-
relation coefficients sorted in descending order, where K(i)
is the number of the preset code words; and according to the
method for calculating the sum of the correlation coeffi-
cients, calculate a correlation coefficient between the each
code word and the channel eigenvector to be quantified in
each data layer separately and calculate the sum of corre-
lation coefficients of the number corresponding to the num-
ber of the preset code words after the correlation coefficients
are sorted in descending order.

The obtaining module 5014 is configured to calculate
sums of the correlation coefficients of the channel eigen-
vectors to be quantified in all data layers and obtain a second
correlation coefficient sum.

The second determination module 5015 is configured to
determine, according to the second correlation coeflicient
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sums in all the groups, a group where a maximum second
correlation coefficient sum is located as the second orthogo-
nal basis vector group, and determine the group number of
the second orthogonal basis vector group.

Further, the determination submodule 50111 in the group-
ing and obtaining module 5011 is configured to determine,
according to the pre-defined first basis vector group, an
orthogonal basis vector group separately in at least two
directions of the horizontal direction, the vertical direction,
and the polarization direction.

The obtaining submodule 50112 in the grouping and
obtaining module 5011 selects any one group randomly from
the orthogonal basis vector groups in the at least two
directions separately, forms an orthogonal basis vector
group and obtains at least one orthogonal basis vector group.

After the second orthogonal basis vector group is deter-
mined, the third orthogonal basis vector group determination
unit 502 is configured to determine a third orthogonal basis
vector group corresponding to each data layer according to
the second orthogonal basis vector group, where in the third
orthogonal basis vector groups corresponding to the data
layers, the number of vectors in at least one of the third
orthogonal basis vector groups is greater than 1.

Further, the basis vector number determination module
5021 in the third orthogonal basis vector group determina-
tion unit 502 is configured to determine the number K(i) of
basis vectors of the third orthogonal basis vector group
corresponding to the i data layer.

According to each code word of the second orthogonal
basis vector group, the calculation module 5022 is config-
ured to calculate a correlation coeflicient between the each
code word and the channel eigenvector of the i data layer,
and sort the correlation coefficients in descending order.

According to the K(i), the third orthogonal basis vector
group determination module 5023 determines the code word
corresponding to the former K(i) correlation coefficients
sorted in descending order as the third orthogonal basis
vector group corresponding to the i data layer.

According to the method for determining the third
orthogonal basis vector group corresponding to the i data
layer, the third orthogonal basis vector group corresponding
to the each data layer may be determined.

According to the third orthogonal basis vector group
corresponding to the each data layer, the calculation unit 503
calculates a second-level code word in the each data layer
separately. The calculation unit 503 is specifically config-
ured to calculate a second-level code word corresponding to
the i” data layer according to the orthogonal basis vector
group corresponding to the i data layer; and calculate the
second-level code word corresponding to the each data layer
according to the method for calculating the second-level
code word.

Further, according to v_(1)=G(i)x(i), the calculation unit
503 calculates the second-level code word x(i) correspond-
ing to the i data layer, where v,(i) is a channel eigenvector
of the i data layer and G(i) is a matrix formed by all vectors
in the third orthogonal basis vector group corresponding to
the i” data layer.

The sending unit 504 is configured to send the group
number of the second orthogonal basis vector group, the
third orthogonal basis vector group corresponding to the
each data layer, and the second-level code word correspond-
ing to the each data layer to abase station, so that the base
station may synthesize a multi-layer code word.

When the number of vectors in the third orthogonal basis
vector group corresponding to the each data layer is equal to
1, the second-level code word does not need to be calculated.
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The sending unit 504 is further configured to send the group
number of the second orthogonal basis vector group and the
third orthogonal basis vector group corresponding to the
each data layer to the base station, so that the base station
may synthesize a multi-layer code word.

The sending unit 504 is specifically configured to: send a
first feedback message to the base station, where the first
feedback message includes the group number of the second
orthogonal basis vector group and the third orthogonal basis
vector group corresponding to the each data layer; and send
a second feedback message to the base station, where the
second feedback message includes the second-level code
word corresponding to the each data layer.

Alternatively, the first feedback message and the second
feedback message are sent to the base station separately in
a manner of performing transmission at least once; or the
first feedback message and the second feedback message are
sent to the base station at the same time.

In the embodiment of the present application, the third
orthogonal basis vector groups corresponding to the data
layers are orthogonal to each other and an intersection set
between the third orthogonal basis vector groups is null.

According to the apparatus for feeding back channel state
information provided in the embodiment of the present
application, the second orthogonal basis vector group deter-
mination unit and the third orthogonal basis vector group
determination unit determine a second orthogonal basis
vector group and a third orthogonal basis vector group
corresponding to each data layer separately, then the calcu-
lation unit separately calculates a second-level code word in
the each data layer, the sending unit sends a group number
of the second orthogonal basis vector group, the third
orthogonal basis vector group corresponding to the each data
layer, and the second-level code corresponding to the each
data layer to a base station, so that the base station may
synthesize a multi-layer code word. Compared with that
when the prior art is adopted to feed back the channel state
information, the DFT code word of the ULA only relates to
a horizontal dimension and only a single-layer code word
technology is adopted; when an antenna array is multi-
dimensional and a code word vector has multiple dimen-
sions, the prior art is inapplicable, in the solutions provided
in the embodiments of the present application, the channel
state information may be fed back in multi-layer data
transmission based on a synthetic codebook in a multi-
dimensional antenna array and the number of feedback bits
may be reduced.

The foregoing descriptions are merely several embodi-
ments of the present application, but not intended to limit the
present application. Various variations and modifications
made by persons skilled in the art without departing from the
spirit of the present application fall within the scope of the
present application. Therefore, the protection scope of the
present application is subject to the appended claims.

What is claimed is:

1. A method for feeding back channel state information,
the method comprising:

determining a second orthogonal basis vector group and a

group number of the second orthogonal basis vector
group according to a pre-defined first basis vector
group, wherein each basis vector of the first basis
vector group is a Kronecker product of basis vectors
corresponding to at least two directions of a horizontal
direction, a vertical direction, and a polarization direc-
tion;

determining a third orthogonal basis vector group corre-

sponding to each data layer according to the second
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orthogonal basis vector group, wherein in the third
orthogonal basis vector groups corresponding to the
data layers, a number of vectors in at least one of the
third orthogonal basis vector groups is greater than 1;

calculating a second-level code word of each data layer
separately according to the third orthogonal basis vec-
tor group corresponding to the each data layer; and

sending the group number of the second orthogonal basis
vector group, the third orthogonal basis vector group
corresponding to the each data layer, and the second-
level code word corresponding to the each data layer to
a base station, so that the base station may synthesize
a multi-layer code word.
2. The method for feeding back channel state information
according to claim 1, wherein determining a second
orthogonal basis vector group and a group number of the
second orthogonal basis vector group according to a pre-
defined first basis vector group comprises:
grouping the pre-defined first basis vector group and
obtaining at least one orthogonal basis vector group;

traversing each code word in any one of the orthogonal
basis vector group and separately calculating a corre-
lation coefficient between the each code word and a
channel eigenvector to be quantified in each data layer;

determining a maximum correlation coefficient in the
correlation coefficients of the channel eigenvector of
the each data layer according to the calculated corre-
lation coeflicients;
calculating a sum of the maximum correlation coefficients
and obtaining a first correlation coefficient sum;

determining the sum of the maximum correlation coeffi-
cients in all groups and obtaining first correlation
coefficient sums in all the groups according to the
method for calculating the sum of the maximum cor-
relation coeflicients; and
determining, according to the first correlation coeflicient
sums in all the groups, a group where a maximum first
correlation coefficient sum is located as the second
orthogonal basis vector group, and determining the
group number of the second orthogonal basis vector
group.
3. The method for feeding back channel state information
according to claim 1, wherein determining a second
orthogonal basis vector group and a group number of the
second orthogonal basis vector group according to a pre-
defined first basis vector group comprises:
grouping the pre-defined first basis vector group and
obtaining at least one orthogonal basis vector group;

traversing each code word in any one of the orthogonal
basis vector group, calculating a correlation coefficient
between the each code word and a channel eigenvector
to be quantified in the i”* data layer separately, and
sorting the calculated correlation coefficients of the
channel eigenvector of the i” data layer in descending
order, wherein i is a positive integer and the i” data
layer is any one of data layers in a transmission
channel;

calculating a sum of former K(i) correlation coefficients

of the correlation coefficients sorted in descending
order according to a number of preset code words,
wherein K(i) is the number of the preset code words;
calculating, according to the method for calculating the
sum of the correlation coefficients, a correlation coef-
ficient between the each code word and a channel
eigenvector to be quantified in each data layer sepa-
rately, and calculating the sum of correlation coeffi-
cients of the number corresponding to the number of
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the preset code words after the correlation coefficients
are sorted in descending order;
calculating sums of the correlation coefficients of the
channel eigenvectors to be quantified in all data layers
and obtaining a second correlation coeflicient sum; and

determining, according to the second correlation coeffi-
cient sums in all groups, a group where a maximum
second correlation coefficient sum is located as the
second orthogonal basis vector group, and determining
the group number of the second orthogonal basis vector
group.

4. The method for feeding back channel state information
according to claim 3, wherein grouping the pre-defined first
basis vector group and obtaining at least one orthogonal
basis vector group comprises:

determining an orthogonal basis vector group in at least

two directions of the horizontal direction, the vertical
direction, and the polarization direction separately
according to the pre-defined first basis vector group;
and

selecting any one group randomly from the orthogonal

basis vector groups in the at least two directions
separately, forming an orthogonal basis vector group
and obtaining at least one orthogonal basis vector
group.

5. The method for feeding back channel state information
according to claim 4, wherein grouping the pre-defined first
basis vector group and obtaining at least one orthogonal
basis vector group comprises:

determining an orthogonal basis vector group in at least

two directions of the horizontal direction, the vertical
direction, and the polarization direction separately
according to the pre-defined first basis vector group;
and

selecting any one group randomly from the orthogonal

basis vector groups in the at least two directions
separately, forming an orthogonal basis vector group
and obtaining at least one orthogonal basis vector
group.

6. The method for feeding back channel state information
according to claim 1, wherein determining a third orthogo-
nal basis vector group corresponding to each data layer
according to the second orthogonal basis vector group
comprises:

determining a number K(i) of basis vectors of a third

orthogonal basis vector group corresponding to an i
data layer;
calculating, according to each code word in the second
orthogonal basis vector group, a correlation coeflicient
between the each code word and the channel eigenvec-
tor of the i” data layer, and sorting the correlation
coeflicients in descending order;
determining, according to the number K(i), the code word
corresponding to former K(i) correlation coefficients
sorted in descending order as the third orthogonal basis
vector group corresponding to the i” data layer; and

determining the third orthogonal basis vector group cor-
responding to the each data layer according to the
method for determining the third orthogonal basis
vector group.

7. The method for feeding back channel state information
according to claim 1, wherein calculating a second-level
code word corresponding to each data layer separately
according to the third orthogonal basis vector group corre-
sponding to the each data layer comprises:
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calculating the second-level code word corresponding to
an i” data layer according to the third orthogonal basis
vector group corresponding to the i data layer; and

calculating the second-level code word corresponding to
the each data layer according to the method for calcu-
lating the second-level code word.

8. The method for feeding back channel state information
according to claim 7, wherein calculating the second-level
code word corresponding to the i” data layer according to
the third orthogonal basis vector group corresponding to the
i data layer comprises:

calculating the second-level code word x(i) corresponding

to the i” data layer according to v,(1)=G(i)x(i), wherein
v, (i) is a channel eigenvector of the i data layer and
G(i) is a matrix formed by all vectors in the third
orthogonal basis vector group corresponding to the i”
data layer.

9. The method for feeding back channel state information
according to claim 1, wherein sending the group number of
the second orthogonal basis vector group, the third orthogo-
nal basis vector group corresponding to the each data layer,
and the second-level code word corresponding to the each
data layer to a base station, so that the base station may
synthesize a multi-layer code word comprises:

sending a first feedback message to the base station,

wherein the first feedback message comprises the group
number of the second orthogonal basis vector group
and the third orthogonal basis vector group correspond-
ing to the each data layer; and

sending a second feedback message to the base station,

wherein the second feedback message comprises the
second-level code word corresponding to the each data
layer.

10. The method for feeding back channel state informa-
tion according to claim 9, wherein

sending the first feedback message and the second feed-

back message to the base station separately in a manner
of performing transmission at least once; or

sending the first feedback message and the second feed-

back message to the base station at the same time in a
manner of performing transmission at least once.

11. An apparatus for feeding back channel state informa-
tion, the apparatus comprising:

a receiver; and

a transmitter, wherein the apparatus is configured to

determine a second orthogonal basis vector group and a

group number of the second orthogonal basis vector
group according to a pre-defined first basis vector
group, wherein each basis vector of the first basis
vector group is a Kronecker product of basis vectors
corresponding to at least two directions of a horizontal
direction, a vertical direction, and a polarization direc-
tion;

determine a third orthogonal basis vector group corre-

sponding to each data layer according to the second
orthogonal basis vector group, wherein in the third
orthogonal basis vector groups corresponding to the
data layers, a number of vectors in at least one of the
third orthogonal basis vector groups is greater than 1;
calculate a second-level code word of each data layer
separately according to the third orthogonal basis vec-
tor group corresponding to the each data layer; and
send the group number of the second orthogonal basis
vector group, the third orthogonal basis vector group
corresponding to the each data layer, and the second-
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level code word corresponding to the each data layer to
a base station, so that the base station may synthesize
a multi-layer code word.
12. The apparatus according to claim 11, wherein the
apparatus is further configured to:
group the pre-defined first basis vector group and obtain
at least one orthogonal basis vector group;
traverse each code word in any one of the orthogonal basis
vector group and separately calculate a correlation
coefficient between the each code word and a channel
eigenvector to be quantified in each data layer;
determine a maximum correlation coefficient in the cor-
relation coefficients of the channel eigenvector of the
each data layer according to the calculated correlation
coeflicients;
calculate a sum of the maximum correlation coefficients
and obtain a first correlation coefficient sum; and
determine, according to the first correlation coefficient
sums in all groups, a group where a maximum first
correlation coefficient sum is located as the second
orthogonal basis vector group, and determine the group
number of the second orthogonal basis vector group.
13. The apparatus according to claim 11, wherein the
apparatus is further configured to:
group the pre-defined first basis vector group and obtain
at least one orthogonal basis vector group;
traverse each code word in any one of the orthogonal basis
vector group, calculate a correlation coefficient
between the each code word and a channel eigenvector
to be quantified in the i” data layer separately, and sort
the calculated correlation coefficients of the channel
eigenvector of the i” data layer in descending order,
wherein i is a positive integer and the i” data layer is
any one of data layers in a transmission channel;
calculate, according to a number of preset code words, a
sum of former K(i) correlation coefficients of the cor-
relation coeflicients sorted in descending order,
wherein K(i) is the number of the preset code words;
calculate sums of the correlation coeflicients of the chan-
nel eigenvectors to be quantified in all data layers and
obtain a second correlation coefficient sum; and
determine, according to the second correlation coefficient
sums in all groups, a group where a maximum second
correlation coefficient sum is located as the second
orthogonal basis vector group, and determine the group
number of the second orthogonal basis vector group.
14. The apparatus according to claim 12, wherein the
apparatus is further configured to:
separately determine an orthogonal basis vector group in
at least two directions of the horizontal direction, the
vertical direction, and the polarization direction accord-
ing to the pre-defined first basis vector group; and
select any one group randomly from the orthogonal basis
vector groups in the at least two directions separately,
form an orthogonal basis vector group, and obtain at
least one orthogonal basis vector group.
15. The apparatus according to claim 13, wherein the
apparatus is further configured to:
separately determine an orthogonal basis vector group in
at least two directions of the horizontal direction, the
vertical direction, and the polarization direction accord-
ing to the pre-defined first basis vector group; and
select any one group randomly from the orthogonal basis
vector groups in the at least two directions separately,
form an orthogonal basis vector group, and obtain at
least one orthogonal basis vector group.
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16. The apparatus according to claim 11, wherein the
apparatus is further configured to:
determine a number K(i) of basis vectors of the third
orthogonal basis vector group corresponding to an i”
data layer;
calculate a correlation coefficient between the each code
word and the channel eigenvector of the i” data layer
according to each code word in the second orthogonal
basis vector group, and sort the correlation coefficients
in descending order; and
determine, according to the number K(i), the code word
corresponding to former K(i) correlation coefficients
sorted in descending order as the third orthogonal basis
vector group corresponding to the i” data layer.
17. The apparatus according to claim 11, wherein the
apparatus is further configured to:
calculate a second-level code word corresponding to an i
data layer according to the third orthogonal basis vector
group corresponding to the i” data layer; and
calculate the second-level code word corresponding to the
each data layer according to the method for calculating
the second-level code word.
18. The apparatus according to claim 17, wherein the
apparatus is further configured to:
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calculate the second-level code word x(i) corresponding
to the i data layer according to v (1))=G(i)x(i), wherein
v,(i) is a channel eigenvector of the i data layer and
G(i) is a matrix formed by all vectors in the third
orthogonal basis vector group corresponding to the i
data layer.

19. The apparatus according to claim 11, wherein the

apparatus is further configured to:

send a first feedback message to the base station, wherein
the first feedback message comprises the group number
of the second orthogonal basis vector group and the
third orthogonal basis vector group corresponding to
the each data layer; and

send a second feedback message to the base station,
wherein the second feedback message comprises the
second-level code word corresponding to the each data
layer.

20. The apparatus according to claim 19, wherein:

the first feedback message and the second feedback
message are sent to the base station separately in a
manner of performing transmission at least once; or

the first feedback message and the second feedback
message are sent to the base station at the same time.
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